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1 

t, 

^ n -> ^' mS <!: « #S C t> JgfiK $ nx V i -5 C t $r It i 

[ii*^5] Wte^ikiil^roWi^tt. TIN, TaN. 
T i A 1 N. Ta S i N*fc{iS i NT*-5C:i:$r!Nf«S 

mmm^-^tszit^wwitr^m^mnziimcD^m 

S. 

fFl2#miKfclSftJ!ia*JS-rx:@ 
XSt, 

[0 0 0 1] 50 



2 

^^m?i^^mwi^miiJ:xj^'^<Dmm^mizjm-r^, 

to 0 0 2] 

[0 0 0 3] ^mnf^^'e<}<^-\^)\^^^MitL, 

{b-r-5fc«e){Ctt, COP (CapacitorOn Plug) «it*^£-^ 
T*-5i:#x.e)nTVi«). COP#iit<t«. t-^>v7> 

y ^ y 75^ 4^ ^ A -> iST -S CD -2) . 
[0 0 0 4] fie3fe«COP«|jt€r*-r. 
8 1H->U:3>S1S. 8 2«h^>vX^'CDy-X/'h' 
l^-Ommm. 8 3«BPSG^. 8 4ii->'Ja>^<b 

7«PZT^ (^-^/Iv^SeiS^) , 8 8«±gf+-^/'^ 
[0 0 0 5] C»a(DCOP«B*f^*£TS<»:#. 

>5^;^1/ — ->3 >7'D-feX(C*5tt-5R I E (Reactive I 
on Etching) }]DX(cJ;0^i;fc*6i^^8 3. 8 4«iS^;* 
— lHl«-r -5 it * cof^MSIASS) n -5 , 
[0 0 0 6] c:oj;^;/5:K{tttl?KMTTW^ffl=S*i'i:^ 

[0 0 0 7] T^^^/^-y-^mms eoi^mm^MP-it 

[0 0 0 8] COa(D$fi|Bf«, PZTIP8 7cf 

z>fS.mmit. Tg54^^A->37«1S8 6(0«^sti:UT, R 

[ooo9]$^,tc, I rf^8 6 tmmmmms 4 (i^ 

75:t»fe«)«C. I r K 8 6 8 4 iKD^M^M 

^m.W!k\.z^-:>x-f=7if8 sf}mvt:-&n^mnti^s>^. 

I r ^8 6«f^t>0lC I r 02 liS:fflti;fe«-&tCt>|Bim 
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[0 0 10] ^.iT-. c(Dj:otimm^mi^r^rz»b 

8 6i imim±m) tp t ms 62 t<Dmmm-cmfS. 
b, -^sizi rK86i tmmmmims 4 ii<nrmzT i 

[0 0 11] 1 rSmS 6\ l,i-y^^8 5<Dmit^?Ji± 
L. T iMS 9HI ras 6i <>:«^J6iiiK8 4 <i:cr)?g 

[0 0 12] L*^L. 0 6(DCOP«iS(CHiRTO<k3 
?5:raS75t*^. T^^D^, P t. I r*(Oft^S«, ^ 

^fficoi6VWb^tl;<)^Vj:V^fc«e). P t^t I rm<DR I E 

(c;i^£ 0 . c o p^gjgwfiJ.-S^+^fc^if < t£^, 
tS^iZ. T i^8 9 0#AlCj:-:3T^jfi7i«3e.JCS$i{C 

tc^toTT i^8 gTjiKfbsn-si^^^Rgiafe**. 20 

[0 0 13] 

op^jgtt, •:fyif<Dmit^m±-r^rzmz, Tm^^- 

m^iz^*). =^\'/^'>3^o:>WLmii:t)mmizi3i^ii\,^om 
[0 0 14] *MBj«. ±ie»fss#^uTntsnfctj 

[0 0 15] 

%H^«5^. ^^mis.h(r)<r>mm^f&m-\zim-tmiT 

[0 0 16] ±l2@W^iSfi£-r^fci6lC. *^B^(C^-5 

±(cj^fiS;$tx. m%^-fy^tmm.m\zmm.\^tc^xni^ 

^t^m^, fl3IB+^>''?->^'*^ S r Ru03 ^SifiE^J- 

izm^-^titcmmmwmii^'^tiz.t^i^mtT^, 
[0 0 17] sfc, :^^mi,zw>^mmi^mm.<Dmm:^m 
it, mmmm&^tirc^mi^m^±izmmm^mes.-r 
^xmt, mmmmmizBH^m^^izmr^MmiL^m 



4 

HtfteSa?L[^fcSai2«i«l^?4^e>nc^Ru€:^fi)t5j-<i: 

^ytififeit^^b. *^osrRu03 ^^f^^tr^r 

[0 0 18] 2^^B^(C«tnii, Ru^^fiK5i-i-r.&:^^ 
i/i. SRO<&±B)c5^a:-r^Tgt+^/N"->:5'«1Si*^ilL 

omit^m±-c^^ctizj;:o, zfy^(Dmiuz^^-3 

[0 0 19] :i^%m(j>±.w.ti.'bmz^<r>m<r>u^t.mm. 
ts.'^mt., ip-mmm(r>^mii^umi^mm\z^r>xm^ 

MzU^X&^o. 
[0 0 2 0] 

[0 0 2 1] mi isj:um 2 tt, :i^mm(D-mmmmz 

%^ C O Plijg©+Y A v5'©Sl)fi:&*S:*-rxe»fffi 
[0 0 2 2] $-r. Jl»a):/D-fe7.lC<j;f3. SI (a) 

^. 4{iy*-hSM. 5*5<fct/:6(±->U a^^ft^^r-e- 
n-^-'ti^UTt^i^, y-;^/Kt"i*>l£«S2(0Sffiic 

[0 0 2 3] ;*:tCl^S (a) (C^Ti^tC. hy>iy7. 

^m^^pscm, BP sGmfjiif:<Ds i 02 W:(Dmm 
fimmT ^cvDmizi:-ox±mzmmi^, mmmmm 

7(7)^9$CMP (Chemical Mechanical Polishing) 

miz^-:>xw-m.it\^, "evxw^m^t^nrzmmmmim? 

JilC V- U :3 >K{t:^<h U u >-^ft)^®«g«e^^ 8 Sr 
CVDffiCJ;oT*ft«T'5. *56?B©<i'&, >"JrJ>^ 

[0 0 2 4] ii^trSl (b) {CS^-rj:3{C. JlPBlSfei:^ 
7, «®aMi:l^8*Xy5^>^b. V-X/KU02 

fiRL, ^<Z)«±iasm*a*)itrj;5fcRu:;''^^i: 

;^^Ru^l O^/-^'JT^:5')\^m9±\zm0S.-r^, 
[0 0 2 5] /N-UT/^'JU^9«. Ru^l0<hy-X 

x\^u-(>mwim2 t<Dm<nmm^t, Ru^io<fcs 
KihWroSiiJ^feo. 
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[0 0 2 6] /"^oT^^jimsa^mnift. m^^tri 

N. T a N, T i A I N, T a S i Nf3i^(D^it^^^ 
*L-tLrch(DT'$,^o ;N*»JT>^i$^;HEJ9(7)^i?H2 0- 
l 0 0 nmgjSTckV^o S i N=^Ruco;n'UT 

(m^w^ii) f^mn^o^T!. mm^mx- 

[0 0 2 7]fj:43. RuSSl 0 ty-X/HU^>l£ffi[ lo 

m2 (S i ^fcli^feSi/Ut^^ K) chcoSfctSc. J^^St^Si 

p^3^;HM9S:J^J«itT, ttl* R 1 0 *J^)o£-r^C<i: 

[0 0 2 8] Ru^l 0(D^8i;^ffi(CflMOCVDffi<& 

(EtCp) 2 ^fifffl-r^o Ru (Etc 20 
p) 2 ti««Jx«A r i:02 Jg^:^X4'JcME-ro C<^« 

^> mmmt^ifS.m^mt. Ar/02 oss^i 00/2 

[0 0 2 9] ±IB^m^^<7)^^. S^?Lrt(DRu^l 

J^fiastCctORulii O^MiSS^tr^o c:ntcJ;0, 
Rul^l 0<7)K^?^j:<HfC^^-r^A'UTl4 (WKffctt) ^ 

[0 0 3 0] ±ta.^Maji> 5 0 ot:eii±(^MjgtrT«?*j 30 
^;^cHN2 4»)TfT^. ^fc. ±imMm^\zRumi 

to 0 3 1] (c) tc^-TcJ^^tr. CMPffitr 

^LTzf)^. n\^X^\^^X^J:\^^o 
[0 0 3 2] *fCH2 (d) \Z^'r<i:o\Z. 7./^y^^ 40 
tC<l:OTSB4^'\'A'>i5^®ffi(h;5:^ieSftOSRO(S r 

R u 03 ) ^ 1 1 ^^mzmm-r^. s r i i\ti 
ns i t uf^^mitum^zxm&'t^z.t^m^v^K c 

(Dm^s StttfiffiSrS 0 0'C<hLTSRO-lr^^>yi7^^ 

[0 0 3 3] ccx\ mmumf}^4 0 ox:^om^h. 
sRo^u^7.i3-( hmm\zm^^itLfs:i^^mzim^w& 

m^m^i^s L(D^m. sroki i ^ru^^^i o<h 50 
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[0 0 34] SROS^l I(7)i5$tl5 0 nmniJ^T^^'M^ 
b(.^o 1 0 0 nm^S;^^i5$^7^.J:^ch. SROt^^^'RI 
EmJm:^^WMfmx$>^CLf)^^. R I EJPX{CP$Pb1 

RiEmi:m<D'r7si7^<Dmi:^^fsi^(Di: 

JPti 5 0 n mJKT-eS)^ CI htm^X^^^o 
[0 0 3 5] Sfc, E X S i t Uf^^^kXe^fflV^TS 

Rom\ i^w^i^'t^m'^\z\t,:k(DXo\zn^o 

R T A tCTKiR^SS^' 6 0 0 1: (CT±gB S R OIK^^ 
[0 0 3 61 Ex S i t uJgSffcCDS^. ^feJCgftHJU/c 

A V ^ \zx^¥h^<d s r om^mi^^^m^tit 
tSLT, ^^stt:^^'^><;^0^-r(.M^SRu, S r 7!;^^i¥ 

itayummz. Fzrm^cophtsRomi i^(DR 

u. s r<DW:mKfiBizxmm^mitmm^^n. 

<Dmi^^Wkmzihnxn^z.L^^K 

[0 0 3 7] ^a)fdic7)'j— ^liiScDigJgg^^ffiiibTti* 

TiJli^Jg^L. SRO^l KD^BSr^fflStCcfcOaS: 

l7^^STO(S r T i 03){t:l>. ^B^tt;0^*[^±r^o S 
TOtlSRO<hit^UTiSil7E:147&^<J:Vi;^c«6tC. ^<7)^ 

[0 0 3 8] Rn^'y^l OtSROHl 1 ^(DPpTTr^^ 

1 0 <hS ROI^l 1 <i:c^PBlCD3>i$7^ h\t.^tt{-t^'h(Dt: 

[0 0 3 9] SR0^:Ru02 ^it^i"^^. SROCD 
:^^mt}^m\Z^^X^^o "tO^fctb. SRO<hRuO 

2 <ha55?-S(CTSR07&^*S7C$tlTRu02 -^m^-^tl 

[0 0 4 0] Lrz-^^-oX. Ru^^^l 0 <hSROB^l 

x^rzm^x$>^o UT&^b. sRomi itzi>i$^i7h 
r^Rur/'y^i oa^mm^s^'prnit-^n. ru^^^ 
1 0c7)^BtcRuO2 )i mm^si^tsmm /)m0s.^n 

\z. Ru^^^i 0 tsRomi I tcDmcDm^mt^m 
\tmm\zu^u^K mz. ru02 BoJ#^?5n o on 
m&.Tx$>niimm\^uiK 
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[0 0 4 1] iTt. SROttmitmT$>^:itA^i^, s 

i 02 rj.ii<Diimm'^o:>mmi^ii^^f'K vrzt)^-:>x, s 
Ro^i lOTRuT'^i'i 0R^trosK5j-. -ruti-^m 
mmmms t(D^miihBitifv$>^. z.<Dtc>t>. sro 

[0 0 4 2] Sfc, TgB+r/1->:5'®1S^S RO^l 1 
■5. 

[0 0 4 3] ^tC02 (e) {C*-rJ:^{C. SROP[l 

:5'*ei^M<i:bT(»PZT^l 2 ^J^eg-T-S. 
[0 0 4 4] CiT'{4, P bS* 1 0%SS^< L-fcP 

BKUP bi. loL ao. osZ ro.4 T i o. eOs "C*^= P 

[0 0 4 5] XA-y^^(C(iy^XvtCj;DS«S«» 
Ji#-^fll5RK^^{C J: -5 Jj^ >/\'— H > h a^&^fzl^iZ. 
-> U n >as 1 e. ® P b ©aif!^SX/1 •i' rS'TJse C 

Zr. Ti, L a;5:t*W7c3^«3'-yy hia^tS 

ai^DSTPZT^i 2'4'(c^oi2^$n^fc«e), aOiiia 

[0 0 4 6] ^K^frfi. «»J;t«, ^'-y-y I — S«Fb1 

•yi^PZT^'-y.y h«+KX;5il 2'f >g^. SAS;^ 
*n. 0-1. 5 kWCD«^{Ci3t,iT. X/t>y5';tfX75S 
P>.r137.a)y); AriJ7.<Dm-h1)iO. 5-2. OPa, 
^^B#^1A^*^5^^rplTS.^. P$ 1 0 0 - 1 

5 0 nm<DT^)Vy T 7.<DF ZTm \ 2^m^^n^, 
[0 0 4 7] CdTtt. PZTIKl 2W)«^^r}£i:LT 

[0 0 4 8] y;i^yjU^-^MODffi;:ct'®jgj^ffi (C S 
Dffi){CTJgfiET-5PZTJ5KBiyp-feXT«. SE^BJ^ft 40 

i^«S]tS:i4;5^e. Pb, Ti. Z r ^iifCDP Z 

[0 0 4 9] P bTtii^^Si3*fil!^. ZrlC«i7;i^Zl 

3i^'y-;i'*«gfflLTrjo. 2M«sjg^sTiSisr 
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[0 0 5 0] fiEIK-r'5)t#(i±ie^if!^iC7K*iPxTi^a 

fc::{Cj;-:)TM-0-MCD$ii<S«jg;<|SffM$n^o C(7)^ 
{C»U;tfc*«a. S^ES^FbT («JtB#FBl) . PH, iSS, jg 

i: iBlfil fc gl/i 7 7 r X t>i9i ^ JgBKf C t tc 
^fca6, PZT^p:/X;d-f h^^jtfC^^^bLAc^lcE 
iSjtt. ig^jSi©<4t^. ^liS^tt. U-i^mi^t, 

[0051] Pb. Zr. T i «2X5^;i/'\^-y->S!ni: 
W^^^JW+vU'>€fflHTP ZT(DMO 

^<r>i^mm-^^m)\zxmwL±.\zmMr^. 

[0 0 5 2] S1S±fCfiK^LAc^{C2 5 orS^cOiSia 

x^m. m.mn^nm\>. T^;P7Txt^9i®pzT^ 

T$)-5fc*^S-f[:B$(0^©iRffi*«:*;#<. gfclOOnm 

iiv>:»mxni, m^iti,t:^/^y^iimmzRTA^m. 
m-r^m-^^^^f^K 750-^ 5^^mm<Dmmmx^a 

[0 0 5 3] z.<r)^ot^mm.m^m\'^tz.p zTWit.. 

S}a*«l 0 O-fgCl 0 Onm<i:/h3<. X/ly ^'TfiElil 
[0 0 54] — :J&. MOCVD}*»CJ:OPZT, SBT 

<b#lSrfil«K-r-57C3g-CB i , Sr, B a/j:i:«^affi» 

i§t^v-xMi|sf*t;it»fcie). mwrn^^mm-r^^iiifi 

[0 0 5 5] ***SJgffiT«. TfiK+^Av'^'mffitL 

T. Pt«ffitS^cO. S RO^l 1 i&ftfflbTt.»^;t 
i6, SROKl 1 iPZTMl 2<»i(D^SBHK5J-tCT. P 

z Tfig 1 2 <r>mm'&Tl^<r>mm<r>mmii^^m.t.fs.^. z. 

ntCiO. PZTI^l 2<7)ilg?^4#t4(i)-ffiRte«r»Dii 

[ 0 0 5 6 ] ;fS:*5, S ROM 1 1 ±(CP Z T KSt 
bTJP$2-5nmSS(0»t»T i^. ZrK, NblR 
Sfc:«Ta^7^Ct'<£-Jg^UT*>e. P Z Tl^ 1 2 WfiKI^ 

[0 0 5 7] PZTKl 2rofiEK[W(C5'-y'y h^S© 

^li, s^. 'f-yyn-p^mm.^-'^ii^^Tztb\z. m 

Pb«i5j;tKigSfk^®<ijS-m^!|#tt«. CK^yi/X 
/I >y 5^ J; 0 # < ^fl; b T b * 3 . 
[0 0 5 8] S ROI^±W7'^;1/-7tX©P ZTKtC** 
LT. RTA (Rapid Thermal Anneal) S:igL/T» PZ 

TKcDi^sft^ff ofc. ^sfkse^jas 5 0 - 7 0 or 
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f^Miimrsitti o&i^±tLrzo m^nrcpzrm 
hfi-efeo^co wmm'M(om^m^'v\t.. o. smhis 

i^T(0 P z TK^T^^s ROlK±(c:jg;S$nTV^^ c 
[0 0 5 9] :;*:{c0 2 (e) \zJf^^^o\z. J^SffcUfc 

fe-5li«^a(CTExS i t u^S^btCJlO S RO 
^^?^^bTt>J;V^o ±gB<7)SROai 3C0J¥$ti5 0 

[0 0 6 0] ±M^^rnzy^nmt.f^^mmm\t,. 

{tUfePZT^l 2_LtCj^^-r^?tis6. SROiSlScT) 
^f^^r. I r02/I rS^^. I r^, RuBi, R 
u02/Ru«®M> Ru02 8i?'ci:(i:^<§gffi-r^C<h7!>^* 

[0 0 6 1 ] ^/t. fie*, ^^A-v-^^SIliLTSRO 
II<hP t i:(?D^i[S^<&J&^L.Tl.>rc:?:>^\ P t ^ti«j«f^ 
ffl^'b'^. ffittTK^^J^fiET^fci^fCPZTI^TS^^^fbL 

>?<7D$>^^^fi, ±fBail3&^e)P tgi^S^I^L. SRO 

[0 0 6 2] S^JC, 112 (f) tC^f SRO 
PZT^l 243J:D^SR0^1 l^R I EtCJ: 

Tr:-;i/fftffl^at3J:0. JigB=t^Y/iS^^«S 1 3 «hP Z 
T^l 2 i:C0^«14. ^B^HCr)^^14^[^±^-ti-T. 
Av'iJ'T&^^fiK-r^o ±fBR I Etm^. :S^^'5^^^^^A 

2 TS/^^^^-s/N-H-Tx^^jseffl-r^o sRo^ia. p 

ZT^l 2i3ct^SR0^1 1 <^R I EmU-t^^^. 

[0 0 6 3] c<D^o\zvxm^nrzW^mi^^^/'^i^ 
^(D^mm^^mmmQ - wmmm vcotx^^uv^x^ 
ttJcTp^fc^*. 2. 5vmm\z^mm2F r m 

S^i^^lSX 2)Tl^3 0 uC/cm2 ^^U. 8-r>^S 
i 'j7x/N(?)^S{Cl^iggcD53'Mft<htn:®l^^fe'PP ZT 

[0 0 6 4] ^Gtc. ±m^mmii^^r/^z^^(Dmm^ 

sm{cffl^-r^Ti^-rTS«L?to to:>f^^. 1x10 

fP^jup^T 1 o-8A/cm2 ^-y-t&^^mx^&'orzo 
[0 0 6 5] ^^^^/-^i^i^mmi zt^^dy^^^^ V 

Se^SlcoiSiaxii, R I E*PX{rj;^}^gg?L(^5B?LX 



10 

K«#H^+TcO[EimTr.-;i/Xg> Sa^XS^ff 
X\%. JiSB^^^/^v^^m® 1 3<t<on>^i:7 h^iT i N 

[0 0 6 6] bT*^SS?^S8lC<fcn«> RuT'^^^ 

1 0<7)«5^i:bTS^fl:$nT^^mtt^W'r'5Ru)^$: 

10 Tg8+V/1v37Sffi«ig^tRu:/^y 1 0 

[0 0 6 7] ^fc, TBS^^-V/tv^^SM (SRO)^) 1 
ftM) 8««i:^>{::^^^l^i;^J5pf<hUT*tJCO-e, TSR 

g^e^m 8 to^^mf)-^ ^mAT^mitm\z^^R u y ^ 

20 ^10 COK^b^SSitT^^o 

[0 0 6 8] ^etC, TU^^/^zy^mm (SRO^) 
1 1<?:PZTM1 2(DfS^Bmm\tth\zmC^u:/7sti 

^mm-t^z:t\zj:D. m^^^. ^>yu>hiti4. 

[0 0 6 9] u^. :^mm^^^ ±$mmmm\zfsi^'^n 
^^(DxitmK m^^t. ±$^^mmmxn. mi 
(c) (Dumx. ^)Sg^L^1^g6cD;^*UT^^;^)^9^^* 

30 l^Tz^i. 51bT^5V^T*>J:t^n dCOS^, 02 (f) (0 
XgTSRO^l 3#=^R I EJPX-r^^^fC. A*UT 
^5^;UM9 t)R I Ejupx-r^o 
[0 0 7 0] 04(C, /\*UT^^;^^9$:^bfc:^'&<D 

coppB^^-To gi4<7)cop«!jg<^«^. mmmm 

m7 tTM^^/^i^^mmi i t(D^mz/'^^)T^i^)v 

[0 0 7 1 ] m4(Dcopmm(Dm'^. ±u^^/^zy9 
40 -jv^^^Mtmmizmmmm^^xffv t. aut^^^j^ 
[0 0 7 2] z.o)^of^^U'^^m^'t^\z\t. m^\t 

^^^(D^gtt:tfX'^{CTffitt<bT:^-;U^fTA«J; 

A 1 203 T i 02 mt^^o)mim^rz\tT i 
im^fz^t^itmiz. ±^^^/^zy^nmi 3t(Dzi> 

hSrffi^/tAcogBPlfB^R I Emi:\Z^r)mfS.Lrz 
50 ^'\-/V>^Q111 3 h(Dn>^^ hUT i (A*U7 
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[0 0 7 3] sfc, ±mnmmm-vi,i. ^\'^i^^mm 

[0 0 7 4] ±lli!ifi}gJ8l?tt, MIS^h7>->' 

[0 0 7 5] ±.%z-m&mm\z\t.m^ <r>^m(r)mn 

[0 0 7 6] 
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* [0ffi«fBWj:i»?^] 

[0 3] ifiiis!sJ^iirocop«itcD^jg^j*^-r»fffi0 

[0 4] !¥5l5<DCOP<fj^^*-r^ffiH 

[0 5] tie*«<t&«cop^jg^*-r»rB0 
[?5F^«iaBj] 



1 -viJr]>S1S 

3- y-hi^lS 

4- -y-hmffi 

1 0 •RuT'^y 

1 i-Tse^^z-^v-^ms (SRo^) 
1 2-pzT^ 

1 3-±g|5+i'A-->:5'«@ (SRO^) 



[01] 



[0 2] 
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